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(54) EPOXY RESIN COMPOSITION AND PREPREG PREPARED THEREFROM 

(57)Abstract; 

PURPOSE: To obtain the rein composition which can produce a prepreg that is excellent in 
storage atability at room temperature, is capable of being molded at relatively low 
temperatures, and causes no defects on the ground surface of its molded articles by 
incorporating a low-temperature-active potential curing agent and a specific whisker in an 
epoxy resin. 

CONSTITUTION: This epoxy resin composition for prepreg is prepared by mixing 100 pts.wt. 
of an eooxv resin (AV 3-60 pts.wt. of a low-temperature-active potential curing agent (B) (e.g. 
an amine-adduct potential curing agent and a microcapsule potential curing agent of a 
diaphragm-breaking type, which are activated at about 80°C) and 0.05-30 pts.wt. of a whisker 
(C) with an aspect ratio of 3-500 . The prepreg prepared from this resin composition has a 
proper workability and excellent composite characteristics, is excellent in storage stability at 
room temperature, is capable of being molded at a relatively low temperature around 80°C, 
produces no wastes upon molding, and causes no defects on the ground and coating surface 
of its molded articles. 
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AB The compns . contain JA) epoxy resins 100, (B) latent 

hardeners active at low temperature 3-60, and .(C) whiskers with aspect ratiq. 
3-500 0.05-30 parts,. The prepregs comprise reinforcing fibers impregnated 
a \Vv with the resin compns. Thus, E 828 (bisphenol A epoxy 
JyV resin) 70, E 1001 (bisphenol A epoxy resin) 

' 30, PN 23 (amine adduct) 20, and Alborex YS 2, (Al borate whiskers) 5 parts 

were mixed and impregnated into Tor aye a T 3 00 to give prepregs showing 
resin flow 3.2%, 0° bending strength 175 kg/mm2 , and 0° 
flexural modulus 13,700 kg/mm2 . 
ST epoxy resin hardener whisker prepreg 
IT Crosslinking agents 
Crystal whiskers 
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whiskers for prepregs with good tack and pliability) 
IT Carbon fibers, properties 

RL: MOA (Modifier or additive use); PRP (Properties); USES (Uses) 
(epoxy resin compns. containing latent hardeners and 
whiskers for prepregs with good tack and pliability) 
IT Epoxy resins, properties 

RL: POF (Polymer in formulation); PRP (Properties); USES (Uses) 
(epoxy resin compns. containing latent hardeners and 
whiskers for prepregs with good tack and pliability) 
IT Carbon fibers, properties 

RL: MOA (Modifier or additive use); PRP (Properties); USES (Uses) : 
(graphite, Torayca T 300; epoxy resin compns. 

containing latent hardeners and whiskers for prepregs with good tack and 
pliability) 
IT 25068-38-6P 116723-05-8P 149676-34-6P 

RL: IMF (Industrial manufacture) ; POF (Polymer in formulation) ; PRP 
(Properties) ; PREP (Preparation) ; USES (Uses) 

(epoxy resin compns. containing latent hardeners and 
whiskers for prepregs with good tack and pliability) 
IT 471-34-1, Whiscal, properties 11121-16-7, Alborex YS 3 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is excellent in handling workability, such as the moderate tuck 
nature (adhesiveness) of prepreg, and drape property (flexibility), and the preservation stability in a 
room temperature. Near 80 degree C can be comparatively fabricated at low temperature, and there are 
few resin flows at the time of shaping. It is related with the epoxy resin constituent suitable for the fiber 
consolidation composite which does not have furnace omission at the time of shaping of the tubular 
Plastic solid made of fiber consolidation resin, such as a fishing rod and a golf shaft, and does not have 
defects, such as a crack, in these Plastic solid polish front face especially and which has the outstanding 
composite-material property. 
[0002] 

[Description of the Prior Art] Fiber reinforced composite materials, such as a carbon fiber, are 
lightweight, have high intensity and a rate of high elasticity, are complex with resin, and the form of the 
so-called prepreg, for example, are widely used for industrial ingredients, such as the sport leisure fields, 
such as a shaft of a fishing rod and a golf club, and a tennis racket, a flat spring, and honeycomb 
structure material, and a pan at various applications, such as structural materials, such as automobile 
relation, an aircraft material, and a marine vessel, an electronic ingredient, and an engineering-works 
building material. 

[0003] About shaping with which excelling in moderate handling workability, the preservation stability 
in a room temperature, and the mechanical property of a hardened material as a property required of 
such prepreg for fiber reinforced composite materials used shaping and pattern, and plastic pattern of 
large-scale structure material like [ from the first in recent years ] a marine vessel or a car, a hardening 
demand of a low-temperature short time is desired more, and the reduction demand of the shortening 
and energy cost which are a molding cycle is increasing. 

[0004] By the way, the bulking agent which is 10 or less times [ of the diameter of a reinforcement 
single fiber ] particle size, for example, graphite powder, carbon black, an aluminium powder, silica 
powder, etc. are added to the things (JP,62-127317,A, JP,2-41314,A) using the epoxy resin as matrix 
resin of such [ conventionally ] prepreg for fiber reinforced composite materials, and these matrix resin, 
and that (JP,59-227931,A) which fell the fluidity of the matrix resin at the time of prepreg shaping is 
used for manufacture of prepreg. 

[0005] Moreover, as prepreg for cold cure, it is proposed about the prepreg which used for JP,5-9262,A 
and JP,6-9802,A the latency curing agent 100 degrees C or less comparatively hardened at low 
temperature. In order that these matrix resin may not reduce preservation stability as compared with the 
conventional thing at the time of manufacture of prepreg, it is necessary to sink into consolidation fiber 
at low temperature more, therefore to set up resin viscosity lowness. 

[0006] Especially the fiber reinforced composite material of the shape of tubing, such as a fishing rod 
and a golf shaft The mandrel with a taper which applied the release agent is received at a longitudinal 
direction in the prepreg which sank matrix resin into the sheet-like prepreg which lengthened and 
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arranged the carbon fiber and the glass fiber with the one direction, or the textiles of the above- 
mentioned consolidation fiber. Twist in the direction according to a desired design, and it twists spirally, 
using a tape winder etc. and making a heat shrink nature tape overlap little by little on it further. 
Subsequently, it puts into a heating furnace, matrix resin is hardened, giving the clamping force on a 
heat shrink nature tape, it takes out from a heating furnace and the tape after cooling is removed, and a 
deheart machine etc. draws out a mandrel and it is fabricating. However, in the conventional prepreg, the 
fault which prepreg moves toward a minor diameter side from the major-diameter side of a mandrel at 
the time of shaping that the so-called furnace omission occurred was produced. Since matrix resin 
hypoviscosity-izes and increases a fluidity with heating, if the bolting force on a heat shrink nature tape 
is added in such the condition, since the mandrel has the taper, component of a force arises from a 
major-diameter side in a minor diameter side, and the so-called furnace omission which prepreg moves 
in this direction generates this. If this furnace omission occurs, the unevenness of distribution will be 
made to matrix resin or consolidation fiber, and it will also become the cause of the defect of about [ that 
desired composite-material physical properties are not acquired ] and mold goods, or the curvature 
generating cause of a narrow diameter portion. 

[0007] On the other hand, the yarn which sank yarn or thermosetting resin into JP,57-22636,A in 
advance of prepreg volume attachment by the mandrel is spirally twisted around the longitudinal 
direction of a mandrel, and the method of preventing furnace omission by the friction is proposed. 
However, about [ that this approach is not enough as the furnace omission prevention effectiveness ] and 
yarn remains in mold goods, and is not desirable on a property. Moreover, to the matrix resin for 
prepregs, before winding prepreg around a mandrel, when the gel time in 130 degrees C applies 80% or 
less of heat-curing resin of said resin to a mandrel, the method of preventing furnace omission is 
proposed by JP,59-159315,A. However, by this approach, the resin for undercoat which adjusted the gel 
time by B -stage- ization is required, in advance of shaping, the spreading process of this under coat resin 
and an air dried are required, and productivity is fallen remarkably. Furthermore, the curing temperature 
of 100 degrees C or more is required for such prepregs. 

[0008] Moreover, about the handling nature at the time of the activity of prepreg (a tuck, drape 
property), since it becomes not only the productivity at the time of shaft winding but the cause of the 
defects on the front face of mold goods (crack etc.), a moderate property is required. If tuck nature is too 
strong, it will be easy to involve in Ayr at the time of winding, and if too low, workability, such as 
lamination of prepreg, will fall. Moreover, when drape property is imperfection, HANE is produced into 
the end part of a volume at the time of prepreg winding, and it also becomes the cause of a crease by the 
carbon fiber of the rate of high elasticity especially. However, these factors appear in a front face as 
defects, such as a crack, at the time of the polish after shaft shaping, and paint, and have become 
generating of a defective and the cause of lowering of physical properties, and the yield was reduced 
remarkably. 

[0009] Thus, in the prepreg using the conventional matrix resin constituent, it was very difficult to offer 
the prepreg which the preservation stability in a room temperature is good, and hardens enough .^jvith 
shaping of 100 degrees C or less, does not have [ has moderate workability and the outstanding 
composite-material property, ] the furnace omission at the time of shaping, and does not have a defect in 
polish of mold goods, and a painted surface. 
[0010] 

[Problem(s) to be Solved by the Invention] The object of this invention solves the above-mentioned fault 
of the conventional approach, it can prevent the furnace omission at the time of shaping, without 
performing a head end process, and it can obtain the fiber reinforced composite material mold goods 100 
degrees C or less which can fabricate at low temperature comparatively and have a desired property, 
without falling a composite-material property. Moreover, in the usual winding temperature, since the 
prepreg using the epoxy resin constituent of this invention has moderate winding workability and can 
control the resin flow at the time of shaping freely, it offers the outstanding Plastic solid which does not 
have defects (crack etc.) in the mold-goods front face after polish. 
[0011] 
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[Means for Solving the Problem] That is, this invention consists in the prepreg using th e epoxy resin 
constituent and this to which (B) low-temperature activity latency curing agent 3 - 60 weight sections, 
and the (C) aspect ratio use 3 or more and 500 or less whisker 0.05 - 30 weight section s as an 
indispensable component to following (A), (B), and the (C) (component A) epoxy resin 100 weight 
section. 

[0012] This invention is explained more to a detail below. Especially the epoxy resin that is the (A) 
component used for this invention is not limited, and the bisphenol A mold epoxy resin, other glycidyl 
ether mold epoxy resins, for example, a bisphenol female mold epoxy resin, a bisphenol smooth S form 
epoxy resin and a phenol novolak mold epoxy resin, a cresol novolak mold epoxy resin, a glycidyl 
amine mold epoxy resin, a naphthalene mold epoxy resin, a bromination bisphenol A mold epoxy resin, 
a glycidyl ester mold epoxy resin, a ring type aliphatic series epoxy resin, a heterocycle type epoxy 
resin, etc. are mentioned. Moreover, according to a request, an urethane modified epoxy resin, a rubber 
modified epoxy resin, an alkyd modified epoxy resin, etc. may be used. Although the bisphenol A mold 
epoxy resin and a novolak mold epoxy resin are [ among these ] more desirable than the balance of 
handling nature, profitability, and composite-material physical properties, according to a need property, 
it can mix suitably and these two or more sorts can be used. 

[0013] (B) It is the thermosetting latency curing agent which what is activated above 50 degrees C is 
used as a low-temperature activity latency system curing agent of a component, and is preferably 
activated near 80 degree C. For example, there are a latency curing agent (friend cure: trademark by 
Ajinomoto [ Co., Inc. ] Co., Inc.) of the amine adduct mold activated by thermovision, a microcapsule 
type latency curing agent (Novacure: trademark by Asahi Chemical Industry [ Co., Ltd. ] Co., Ltd.) of a 
septum destructive mold, etc., these latency curing agents have good preservation stability near 50 
degree C, rapid activation is carried out from near 80 degree C, and an epoxy resin is stiffened. 3-60 
weight section is used to the epoxy resin 100 weight section whose addition of these latency curing 
agents is the (A) component. If property that hardening is slow and sufficient will not be acquired if 
fewer than 3 weight sections, but the 100 weight sections are exceeded, lowering of the preservation 
stability near a room temperature and lowering of hardened material physical properties are remarkable, 
and are not desirable. Moreover, although it is [ the hardening reactivity near 80 degree C ] better to use 
these latency curing agents independently, from the objects, such as moderate control of reactivity or 
preservation stability, according to a request, it can mix suitably and the urea compound of extent to 
which a property is not reduced, a guanidine compound, a polyvalent-carboxylic-acid poly hydrazide 
compound, amine imide, diaminomaleonitrile, guanamines, phenol resin, melamine resin, a urea resin, 
^gtc. c an be used for them. 

JOOM^C) As a whisker which is a component, 450 or less thing is42mferablL use( l f° r an aspect ratio 
(3Iameter of the die length/fiber of fiber) 500 or less three or more. If an aspect ratio is smaller than ^ 
the resin flow at the time of shaping will not become low enough, and an adverse effect wi llbebrougl^ 
to the impr egnating ability to c onsolidation fiber or theworkability of prepreg, an d^jnoli^ ' 
_aspect ratio exceeds 500 . Especially these whiskers are not limited and kinds, such as boric-ac ic^ 
al uminum^ a calcium carbonate, carbonic acid silicon, silicon nitride, potassium titanate, basic 
magnesium sulfate, a zinc oxide, graphite, a magnesia, a calcium sulfate, boric-acid magnesium, 2 
titanium borides, alpha-alumina, and a chrysotile, or two sorts or more are used suitably. Boric-acid 
aluminum, a calcium carbonate, and a silicon carbide whisker are [ especially among these ] excellent in 
respect of a property and profitability, the addition of these whiskers - the (A) component 100 weight 
section - receiving - 0.05 - 30 weight section - 0.5-15 weight section is used preferably. When fewer 
than the 0.05 weight section, there is no lowering of sufficient flow at the time of shaping, if 30 weight 
sections are exceeded, the viscosity of resin will rise, and the impregnating ability to the fiber in a 
prepreg chemically-modified degree is easy to fall and is not desirable. 

[0015] The thermoplastics of extent to which lowering of extent to which impregnating ability to 
consolidation fiber is not reduced by request in addition to these above-mentioned component or 
reactivity, thermal resistance, storage stability, etc. is not carried out, and an epoxide reactivity diluent 
may be added. As an example of thermoplastics, acetal resin, such as phenoxy resin, a polyvinyl butyral, 
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a polyvinyl formal, and a polyvinyl phenyl acetal, polyether sulphone, polysulfone, polyether imide, 
polyarylate, etc. are mentioned, and phenyl glycidyl ether, butyl glycidyl ether, alkyl glycidyl ether, 
styrene oxide, octylene oxide, such mixture, etc. are mentioned as an example of a reactant diluent. In 
addition, additives, such as flame retarders, such as release agents, such as coupling agents, such as a 
silane and a titanate compound, a higher fatty acid, and a wax, a halogen, and phosphorus compounds, a 
defoaming agent, a coloring agent, and a low-temperature foaming agent, can also be used if needed. 
[0016] Moreover, as consolidation fiber used for manufacture of these prepregs, a carbon fiber, a glass 
fiber, an aramid fiber, polyester fiber, silicon carbide fiber, a boron fiber, an alumina fiber, a 
polyethylene fiber, etc. are mentioned, and these kinds or two sorts or more are used suitably. And 
especially a carbon fiber is desirable in respect of the reinforcement of the Plastic solid after hardening 
obtained among these, or conductivity. 

[0017] Although what is necessary is to be able to apply the general prepreg manufacture approach, and 
to sink in by the direct or film method by the hot melt method as opposed to a reinforcement base 
material, or just to use either of the impregnation after film[ direct or ]-izing by the solvent impregnation 
method, in order to manufacture prepreg, a solvent distilling-off process is required of a solvent 
impregnation method, and the stability of a resin constituent may be reduced and it is not so desirable. 
[0018] 

[Example] This invention is not limited by these examples although an example explains this invention 
in more detail below. In addition, the code and the examining method of the compound used into the 
example are as follows. 

<Raw material> "E828": Bisphenol A mold epoxy resin (oil-ized shell company make) 

"E1001": Bisphenol A mold epoxy resin (oil-ized shell company make) 

"PN-23", "MY-24": Amine adduct mold latency curing agent (Ajinomoto Co., Inc. make) 

"HX-3722": Microcapsule type latency curing agent (Asahi Chemical Co., Ltd. make) [an E828/curing 

agent =2/3 weight section masterbatch] 

DICY: Dicyandiamide (oil-ized shell company make) 

DCMU: 3 -(3, 4-dichlorophenyl)-l and 1-N dimethyl urea (the Hodogaya chemistry company make) 
"Alvo REXX YS2" "YS3":boric-acid aluminum whisker (Shikoku Chemicals [ Corp. ] Corp. make) 
<aspect ratio =10-60> M WISUKARU M :calcium-carbonate whisker (Shikoku Chemicals [ Corp. ] Corp. 
make) <aspect ratio =20-60> "R202 M :pulverizing silica and Aerosil R202 (product made from Japanese 
Aerosil) 

[0019] <Measurement of resin flow> prepreg is cut to 100x1 00mm, and they are glass fabrics after a 
laminating and by hot press to a hole opening film and an outermost layer of drum about a laminating 
and the upper and lower sides in 4 ply (ply) 80 degrees C and 3.5kg/cm2 It pressurizes and a resin flow 
is measured. 

[0020] <Assessment of winding and furnace omission> prepreg was judged so that it might be set to 
diagonal-crossing layer (**45 degrees) 3ply and straight layer (0 degree) 3ply. The judged prepreg was 
wound around the mandrel which applied the release agent on the rolling table. Subsequently, the heat 
shrink tape was twisted with tape RABBINGU equipment. It hung by making a major-diameter side a 
heating ftirnace upwards, and hardened for 80 degrees C / 2 hours. Furnace omission is measured after 
cooling to a room temperature. 

[0021] < handling workability: - tuck nature and drape property > (the lamination condition [ of the 
diagonal-crossing layer in 23 degrees C ], propriety [ of correction ], hardness [ of a hand volume ], and 
rolling table winding back ~ bounding -- etc. synthetic — decision) 

O - Fitness x ~ Defect [0022] <bending test (three-point bending)> ASTM D790 - applying 
correspondingly - made in equipment: Oriental Baldwin - UTM-5T - using - sample configuration: 
(2mm in die length of 100mm, width of face of 10mm, thickness), span length: 80mm, and crosshead 
speed: 2 mm/min - measurement. 

[0023] <ILSS>ASTM According to D2344, it measures with equipment same as the above by sample 
configuration: (2mm in die length of 12mm, width of face of 10mm, thickness), span length:8mm, and 
crosshead speed:2 mm/min. 
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[0024] (Example 1) "E828" was carried out in 70 weight sections, the churning dissolution of the 30 
weight sections was carried out for El 001 for 30 minutes at 150 degrees C, it cooled to the room 
temperature, and base resin was obtained. This base resin was warmed at 55 degrees C, with the agitator, 
"PN-23" was carried out at 20 weight sections, churning mixing of the 5 weight sections was carried out 
for Alvo REXX YS2 for 30 minutes at homogeneity, and the resin constituent of this invention was 
obtained. In this way, one direction prepreg was manufactured by the hot melt method from the resin 
constituent and carbon fiber (the Toray Industries, Inc. make, "a trading card T300", and elastic-modulus 
24 ton/mm2) which were obtained, and the prepreg of this invention was obtained. 150 g/m2 and the 
amount of resin of the carbon fiber superintendent officer of this prepreg were 35%. 14 ply laminating of 
this prepreg was carried out to the one direction, and the one direction laminate of about 2mm thickness 
was fabricated with the autoclave by hardening of 80 degrees C / 2 hours. The physical properties 
(Vf=60% reduced property) of the obtained composite material are shown in a table -1 . 
[0025] The handling workability (a tuck, drape property) of this prepreg was good. Moreover, there was 
no furnace omission in ten obtained shaft mold goods. Furthermore, although the front face of these 
mold goods was ground using the grinder and observed about surface defects (crack etc.), the good mold 
goods which do not have a defect altogether were able to be obtained. 

[0026] (Examples 2, 3, 4, and 5) With the presentation of a table 1, the resin constituent and prepreg of 
this invention were obtained by the same approach as an example 1 . The handling workability of this 
prepreg is good, and there is no furnace omission in mold goods, and the defect was not observed on a 
polish front face. 

[0027] (Example 1 of a comparison) Prepreg was manufactured by the same approach as an example 1 
except having not used the (C) component with the presentation of a table -1. The superintendent 
officers of prepreg are 150 g/m2. The amount of resin was 35%. This prepreg had high tuck nature, and 
handling nature was poor, and the resin flow was also large, and furnace omission occurred. Moreover, 
generating of the crack after mold-goods polish was also remarkable. 

[0028] (Example 2 of a comparison) Prepreg was manufactured like the example 1 except having used 
"Aerosil R202" as an inorganic bulking agent. Although the workability of this prepreg was 
comparatively good, furnace omission occurs, and it is uneven on the surface of mold goods, and the 
crack occurred in 1 0 median books after polish. 

[0029] (Example 3 of a comparison) Prepreg was manufactured by the same approach as an example 1 
except having used 4 weight sections for DIC Y, having used 4 weight sections for the (B) component 
for DCMU, and having not used the (C) component with the presentation of a table 1. Handling 
workability is poor, and is inadequate, and the cut of it was not completed. [ of hardening ] 
[0030] [A table 1] 
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[0031] 

[Effect of the Invention] The prepreg manufactured from the matrix resin containing the whisker of this 
invention can adjust freely moderate workability and the resin flow at the time of shaping, and there is 
no defect by the fabricating methods, such as oven shaping and internal pressure shaping, and since cold 
cure is possible, it is suitable also for large-sized shaping, and various kinds of Plastic solids which have 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 



6/14/07 



JP,08-020708,A [DETAILED DESCRIPTION] 



Page 7 of 7 



the outstanding composite-material property are acquired. Thus, it is very useful to improvement in the 
dependability of a fiber reinforced composite material, improvement in productivity, improvement in 
profitability, etc. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The epoxy resin constituent for prepregs characterized by (B) low-temperature activity latency 
curing agent 3-60 weight sections, and the (C) aspect ratio containing 3 or more and 500 or less 
whisker 0.05 - 30 weight sections to following (A), (B), and the (C) (component A) epoxy resin 100 
weight section. 

[Claim 2] The epoxy resin constituent according to claim 1 characterized by the low-temperature 
activity latency curing agent of (B) being a latency curing agent of an amine adduct mold. 
[Claim 3] The epoxy resin constituent according to claim 1 characterized by the low-temperature 
activity latency curing agent of (B) being a latency curing agent of a microcapsule type. 
[Claim 4] The epoxy resin constituent according to claim 1 characterized by the whisker of (C) being 
boric-acid aluminum. 

[Claim 5] The epoxy resin constituent according to claim 1 characterized by the whisker of (C) being a 
calcium carbonate. 

[Claim 6] Prepreg characterized by coming to sink into consolidation fiber in an epoxy resin constituent 
according to claim 1 to 5. 



[Translation done.] 
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